INTRODUCTION
Polycyclic aromatic hydrocarbons (PAHs) are widespread environmental contaminants resulting from incomplete combustion or high-temperature pyrolitic processes involving materials which contain carbon and hydrogen, and are thus generated whenever fossil fuels or vegetation are burned (1) . Since these compounds are long lasting, poorly degradable pollutants, they accumulate in soil and sediments, surface water, and the atmosphere. Due to their mutagenic and carcinogenic properties (2), 16 PAHs have been classified as high pollutants by the US Environmental Protection Agency (EPA).
Dr. Nikola J. Marjanović, Prof., Snežana Ž. Kravić, B.Sc., Assist., Dr. Zvonimir J. Suturović, Prof., Jaroslava V. Švarc-Gajić, M.Sc., Assist., University of Novi Sad, Faculty of Technology, Department of Engineering and Applied Chemistry, 21000 Novi Sad, Bulevar Cara Lazara 1, Serbia and Montenegro Because of their environmental importance, PAHs have been studied extensively, and there are a number of analytical methods. These include column chromatography and spectrometry, fluorescence, paper and thin-layer chromatography, high-pressure liquid chromatography or combinations of these techniques (3) . The most often used technique for determination of PAHs is GC with a flame ionization detector. The use of flame ionization detectors is hampered by the need for very thorough clean-up procedures, with the accompanying risk of severe losses and possible misidentifications. For this reason, the use of a mass spectrometer in the mode of selected monitoring (SIM) makes it possible to simplify time-consuming clean-up procedures (4) . Nowadays GC-MS makes one of the standard methods for the determination of PAHs.
The aim of this work was to determine the limit of sensitivity for 16 PAHs from the EPA list by gas chromatograph HP5890 series A and mass selective detector HP5971A in SCAN and SIM mode.
EXPERIMENTAL

Instrumentations and chemicals
PAHs analyses were performed on a Hewlett-Packard (HP) 5890 Series A gas chromatograph and a HP 5971A mass spectrometer (GC-MS). Chromatographic resolution was achieved by a 25 m × 0. 2 mm ULTRA 1 capillary column with a 0.33 µm film thickness (Hewlett-Packard) and helium carrier gas with constant flow rate 0.49 ml/min; column head pressure was 12 psi. The following temperature program was used: injector temperature 290°C, initial temperature 50°C held 10 min, temperature increase 8°C/min to 250°C and held at this temperature for 30 min. Total run time was 80 min. The injection was carried out manually and the volume was 0.5 µl (split ratio 1: 20). The mass spectrometer was operated in the electron ionization (EI) mode with quadrupole temperature of 180°C. The instrument was tuned daily using the system's opera-ting software programs (AUTOTUNE) perfluorotributylamine (PFTBA) calibration substance. Mass spectrometer parameters were adjusted so that the masses 69, 219, and 502 and their respective isotopes met the target mass-intensity criteria. A sample of AUTOTUNE is shown in table 1.
Sixteen PAH standards were obtained from Supelco (Switzerland) and they were diluted by methanol (p.a. "Kemika", Zagreb), except dibenzo(a,h)anthracene, benzo(g,h,i) perylene and indeno(1,2,3-cd)pyrene which were diluted by methylene chloride (p.a. "Zorka Pharma", Šabac). Table 2 . Show the compounds, some of their properties and mass concentration in prepared samples. 
RESULTS AND DISCUSSION
First step in this work was the analysis of basic solutions by SCAN technique under the following conditions: mass range 50-300 amu, scans per seconds 1.71 scan/s, solvent delay 5 min with previously stated chromatographic conditions. Based on the results of the SCAN analysis, conditions for the SIM technique were specified: target ions (includes ion with the highest abundance and the an ion with lower abundance), start time, and dwell time. Table 3 shows the adopted conditions for the analyses of all substances by the SIM technique, and we can see great agreement in retention times. They enabled good qualitative analysis in SIM mode on the basis of retention times. Peaks of three last components (dibenzo(a,h)anthracene, benzo(g,h,i)perylene and indeno(1,2,3-cd)pyrene) were tiling, so the agreement in retention time was somewhat lower. The next step was dissolving the basic solution to the minimum content detected by the instrument. The last detectable mass concentration was reached by tests on the random concentration. In the following samples it was possible to calculate this content according to the abundance and area under the peak of basic solution. We usually performed about five analyses to achieve last detectable concentration because the abundance and area under peak did not decrease proportionally (especially in the analyses of solutions of lower amounts). Five analyses were conducted with the minimal solution concentration, using SCAN or SIM technique, according to which limit of detection (LOD) and limit of quantitation (LOQ) were calculated as triple standard deviation and tenfold standard deviation retrospect (5). Average numbers of analyses per sample were 20. For the SCAN mode basic solutions were diluting about hundred times, and for SIM mode about thousand times. Table 4 shows the results obtained by SCAN technique, and Table 5 by SIM technique. As can be seen, the LOD values were in the range between 0.179 and 15.236 ng and the LOQ values between 1.017 and 50.788 ng for SCAN technique, while using SIM technique the attained LOD was 0.036 -13.886 pg and LOQ 0.119 -46.287 pg. The LOD attained by SIM technique was in accordance with the reference data (1.66 -7.14 pg (6) or 23 -524 pg (7)). Since the analyses were performed with split ratio of 1:20, attaining twenty times lower LOD could be assumed by using splitlless injecting.
It was ascertained that dwell time greatly influences results of the analysis, that is LOD. In the analysis of naphthalene by SIM technique with dwell time 10 ms the attained LOD was 35.52 pg, while under adopted conditions listed in Table 3 the effectuated LOD was 9.34 pg. The signal -to -noise ratio (S/N) was in the opposite proportion to the square root of measured time, so it was necessary to use always the maximum dwell time, taking care to sample peak at least 10-20 times so that the integration was good (8) .
It was also ascertained that the number of observed ions influences LOD, with the decrease in the number of ions in the group LOD decreases as well. Ideally, a SIM method would have the maximum number of ion groups and the minimum number of ions in each group. In this way each ion group could get more scans per unit time, resulting in better peak shape and more accurate quantification (9) . CONCULSION Under adopted conditions of the analysis the LOD was effectuated for examined PAHs in the interval between 0.179 and 15.236 ng and the LOQ between 1.017 and 50.788 ng for SCAN technique, while by using SIM technique the obtained LOD was 0.036 -13.886 pg and LOQ 0.119 -46.287 pg .
It can be concluded that by using SIM technique sensitivity increases for more than 1000 times so this method of analysis is much more suitable for analyzing low levels of substances such as PAHs. Of course, SCAN technique must not be neglected because it provides much more reliable quantitative analysis. What follows is the determination of LOD and LOQ for PAHs in a mixture, because in real samples they usually occur together. Based on the previous results it is obvious that this method in SIM mode can be used for the analysis of real samples in which the contents of PAHs are in the range of 0.07 -27.7 ng /cm 3 . In the majority of samples content of PAHs is higher (2, 10, 11, 12) , so that this method can be used for the analysis of soils, sediments, water, ashes, and some other samples. 
